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(54) Video display system with digital processingM 



(57) A system for handling special television video 
features digitally. The system receives incoming broad- 
cast video into a switch (106). The switch allows the 
viewer to select a main channel and at least one auxiliary 
channel for viewing as a special feature, if the viewei 
does not want to view only the main channel for that pai - 
ticular special feature. The main video channel data is 



processed by a scan converter(2i6) to convert it from 
interlaced to progressive scan. A logic device(212) han- 
dles the auxiliary channel data to format it into the 
selected special feature and inputs that data to the scan 
converter(2l6) such that the special feature appears in 
the proper place relative to the main channel image. 
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Description 

FIELD OF THE INVENTION 

This invention relates to digital television systems, 
more particularly to special features lor digital television 
systems. 

BACKGROUND OF THE INVENTION 

Digital television has several advantages over the 
current standard analog system. Because the digital 
data can be packed, more data can be transmitted that 
allows for a better picture. Additionally, manipulation of 
the data on a picture element (pixel) level can reduce 
artifacts and increase the resolution and overall clarity of 
the picture. 

Currently, most televisions that implement digital 
displays remain restricted by the analog transmission 
standard. Because of that and because, to some extent, 
adding special features in analog requires less data 
manipulation, most of these sets do all of the processing 
in the analog realm and convert to digital just before dis- 
play. 

While some special feature processing modules 
process data in the digital realm internally, most have 
analog input and output (I/O) to support analog broad- 
cast and display standards. These processing modules 
must then include an analog to digital (A/D) converter for 
the inputs and a digital to analog (D/A) converter for the 
outputs. This increases the complexity and cost of the 
processing circuitry over a circuit with digital I/O. Further, 
each converter degrades the digital signal. For televi- 
sions that implement digital displays and several special 
feature modules, this series of A/Ds and D/As can notice- 
ably corrupt the television picture. 

Special features include picture-in-picture (PIP), 
which allows other channels to be viewed within the main 
channel's picture. These usually reside in small windows 
around the outside of the main channel s picture, or the 
channel being viewed. Picture-outside-picture typically 
has the extra channels along the side, top or bottom ol 
the main channel, but instead of encroaching on the main 
channel's picture, they are boxed next to it. Additional 
special features are zoom, freeze, TV guide and his/hers. 

TV guide usually involves some number of channels 
all displayed simultaneously, with no main channel pic- 
ture, so the viewer can decide what to watch. His/hers 
includes two pictures, side by side on the TV. 

Most current television systems perform the channel 
manipulation and set up in analog and then convert the 
incoming data to digital format for display. This becomes 
awkward when either the entire television system func- 
tions digitally, or the incoming signal is itself digital. 
Therefore, a need exists for the ability to provide the spe- 
cial features of a television set in the digital realm. 



SUMMARY OF THE INVENTION 

A digital implementation of a television system with 
special features is disclosed. The ability to perform these 

e functions digitally allows the system to function entirely 
in the digital realm after reception of the signal. If the sig- 
nal received is analog, it is converted once to the digital 
domain and processed digitally all the way through the 
system. Performing these special functions in the digital 

ic domain also has the advantage of eliminating conversion 
to analog then back to digital if the incoming signal is 
digital. Addition of a switch allows all of these features to 
be provided with no redundant circuitry and therefore at 
minimum cost. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further advantages thereof, reference 
20 is now made to the following Detailed Descr iption taken 
in conjunction with the accompanying Drawings in which: 

Figure 1 shows a system level diagram of a digital 
television system; and 
25 Figure 2 shows a schematic diagram of the special 

features processor of a digital television system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

Figure 1 shows a digital display system with a spe- 
cial features module. The incoming video could be in sev- 
eral for mats. It could come in through a receiver such as 
102 and enter the switch 106 as a composite video sig- 

35 naL Lines 104 represeni input in S- Video format, where 
the chrominance and luminance have been separated 
into channels. All channels receivable by the television 
set, either in composite or in S-Video format, will be 
received at switch 106. The feature select line 116 rep- 

40 resents the viewers' input. 

For whatever featur e the viewer selects, the main 
channel data will travel to the special features box 
through the chrominance and luminance switch (Y/C 
switch) 1 20 onto path 1 0S and the auxiliary video on path 

as 1 10. The auxiliary channel could be handled in ways sep- 
arate f i om the way in which the main channel is handled. 
However, for ease of discussion they are both processed 
the same way in Figure 1 . Which channels comprise the 
auxiliary video depends upon the feature select signal 

so 1 16 which is passed to the special features module 1 12 
along path 118. For example, if the viewer wanted to 
watch channel 8 and have 2 picture-in-picture (PIP) dis- 
plays of channels 4 and 6, the main channel data would 
be channel 8 and the selected, or predetermined, auxil- 

55 iary channel data would be two channels wide with chan- 
nels 4 and 6. The number of channels selectable is only 
limited by the amount of memory in the system. Addition- 
ally, all of the elements within box 100 could be on one 
device. 
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Special features created by the special features cir- 
cuitry include PIP. picture out of picture (POP), zoom, 
-freeze, his/hers, and TV guide. The PIP features has a 
main channel picture of moving video, with e smaller pic- 
ture of moving video within the borders of the main pic- 
ture. More than one smaller picture could be displayed. 
For circuitry conservation, the additional pictures may 
not be moving video, but "frozen" where one frame of 
data is displayed without change. POP differs from PIP 
in that the main channel picture remains uncovered by 
the smaller pictures. 

In his/her format, the two channels are reproduced 
side by side on the same screen. Zoom enlarges a por- 
tion of the picture to fill the entire display area. Freeze 
pauses the main video picture. Finally, TV guide allows 
the viewer to simultaneously display several channels of 
TV in order to select the one which is to be watched. 

All of these features are enabled in digital format by 
the special features module 1 12 in Figure 2. Starting with 
the main video lines 204, adjustment must first be made 
for the interlaced nature of most broadcast video. Broad- 
cast video typically comes in a format that requires two 
fields to be interlaced together. One field typically con- 
tains the odd-numbered lines and the other field contains 
the even-numbered lines. The fields are put together on 
a cathode ray tube type display. Some examples of digital 
type displays are digital micromirror device (DMD) dis- 
plays, and liquid crystal device (LCD displays). Addition- 
ally an A/D converter, not shown, is necessary tor analog 
digital input. 

These types of displays use an array of individually 
addressable cells that are typically addressed by rows 
and columns. Because of the natuie of this addressing, 
it is impractical to interlace the fields as in the C RT appli- 
cations. The entire frame must be recreated on the face 
of the device before it is transmitted to the screen, 
referred to in this context as progressive scan. In order 
to compensate for this interlacing effect, the luminance 
signal Y is sent to a field memory and the chrominance 
difference signals U/R-Y and V/B-Y are sent to a field 
memory. This allows storage of the data needed to con- 
vert the signal from interlace to progressive scan. Con- 
version of the interlaced signal to progressive scan is 
also discussed in Published European Patent document 
0,651,577. 

These three signals are also sent to an application 
specific integrated circuit (ASIC) or programmable logic 
device 212 that will create the special featui es. The spe- 
cial feature data must be inserted in the appropriate 
place in the progressively scanned picture. Eventually, 
this adjusted data will be returned to the main video data 
stream just before it enters the scan converter 2 1 6, which 
actually performs the interlace to progressive scan con- 
version. 

Joining the signals from the main video channel are 
the signals from the auxiliary video channel. The lumi- 
nance and color difference signals are low-pass filtered 
to eliminate any high frequency noise and sent to a mul- 
tiplexer and analog to digital converter (MUX & A/D) 210. 



4 

If the incoming data is digital television, the use of the 
A/D is no longer necessary. 

The ASIC or programmable logic device 212 also 
receives a horizontal and vertical synchronization signal 

5 from the main channel and the auxiliary channel. It 
decodes these signals and coordinates the flow of data 
from each channel accordingly. It also decodes the aux- 
iliary channel synchronization signals to generate the 
multiplexer select and sample clock of the MUX & A/D 

70 210. The ASIC 21 2 creates the appropriate feature to the 
correct scale under control of microprocessor 218. When 
the feature data is processed it is sent via a 1 6-bit DRAM 
bus to a VRAM 226. At the appropriate time, the data 
then passes to buffer 214, or in the case of PIP/POP 

75 data, directly to MUX and color space converter 220. The 
ASIC 212 generates the necessary VRAM read and 
write addresses and control signals to implement the 
desired feature. For certain features, such as PIP/POP, 
the ASIC 212 also converts the auxiliary channel's inter- 
ne laced data to progressive scan data for mixing into the 
main video channel's stream. Other features may utilize 
the scan converter 216 via the buffer 214. 

The color space converter inserts the PIP/POP data 
into the appropriate part of the picture data and converts 

25 the entire frame into red-green-blue (RGB) data. This 
RGB data is then sent to a data latch 222. Finally, if the 
signal contains gamma correction, the gamma must be 
removed via a degamma lookup table (LUT) 224 and the 
proscan video output is sent to the array. 

30 The resultant image has the appropriate feature, as 
selected by the viewer, in the overall picture, typically 
sent to the display device as one data stream. The digital 
processing of these features will become important if the 
incoming data stream is digital, rather than the analog 

35 standards currently used. Additionally, using a digital 
means of display such as the DMD and LCD light mod- 
ulators in conjunction with a digital special features 
implementation allows for better coordination and image 
correction by allowing additional processing of the data 

40 before it moves to the array to reduce other artifacts not 
necessarily related to the processing of special features. 
This includes such elements as motion and edge detec- 
tion to eliminate other processing artifacts, or to enhance 
color and contrast. 

45 

Claims 

1 . A video display system, comprising : 

multiple video input sources; 
so a switch for selecting at least two sources 

from said multiple input sources; 

circuitry for digitally multiplexing said at least 
two sources into one stream of video data; 

a display for displaying said digitally multi- 
55 plexed video data. 

2. The system of Claim 1, wherein said circuitry com- 
prises; 

a special feature module. 
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3. The system of claims 1-2, wherein said multiple 
input video sources include both analog and digital 
sources, said analog sources being digitized for use 
in said system. 

4. The system of claims 1-2, wherein said multiple 
input video sources include only analog sources, 
said analog sources being digitized for use in said 
system. 

5. The system of claims 1 -4, wherein said special fea- 
ture module includes an application specific inte- 
grated circuit for processing one of said at least two 
sources as an auxiliary input source. 

6. The system of claims i -5, wherein said special fea- 
ture module includes a scan converter for mixing 
said at least two sources into one digital output 
stream of video data. 

7. The system of Claims 1-6, further comprising: 

a switch for receiving incoming video signals 
and a feature selection signal. 

8. The system of Claims 1-7, further comprising: 25 

a main video channel lor displaying; 
video data received from a predetermined 
one of said sources. 

9. The system of Claim 8, further comprising: so 

an auxiliary video channel for displaying 
video data from at least one alternate predetermined 
source. 

10. The system of Claims 8-9, lurther comprising: 35 

a scan converter for converting said incoming 
video data from an interlaced format to video data 
comprising progressive scan video images. 

11. The system of Claims 8-10, further comprising: ao 

a logic device for mixing video data from said 
at least one alternate predetermined source with 
video data from said main channel data. 

1 2. The system of Claims 8-1 1 , further comprising: as 

a master synchronization circuit for coordi- 
nating timing of said video data such that said video 
data is synchronous with said progressive scan 
video image. 

so 

13. The system of claims 11-12, wherein said logic 
device incorporates video data Irom said at least one 
alternate predetermined source into said progres- 
sive scan video images. 

55 

14. The system of claims 11-13, wherein said logic 
device is operable to provide video data from said at 
least one alternate predetermined source to said 
scan converter. 
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(54) Video display system with digital processing^/) 



(57) A system for handling special television video 
features digitally. The system receives incoming broad- 
cast video into a switch (106). The switch allows the 
viewer to select a main channel and at least one auxil- 
iary channel for viewing as a special feature, if the 
viewer does not want to view only the main channel for 
that particular special feature. The main video channel 



data is processed by a scan converter (2 16) to convert it 
from interlaced to progressive scan. A logic device(212) 
handles the auxiliary channel data to format it into the 
selected special feature and inputs that data to the scan 
converter(2l6) such that the special feature appears in 
the proper place relative to the main channel image. 
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